Woody encroachment in 'open' biomes like grasslands and savannahs is occurring globally. Both local and global drivers, including elevated CO 2 , have been implicated in these increases. The relative importance of different processes is unresolved as there are few multi-site, multi-land-use evaluations of woody plant encroachment. We measured 70 years of woody cover changes over a 1020 km 2 area covering four land uses (commercial ranching, conservation with elephants, conservation without elephants and communal rangelands) across a rainfall gradient in South African savannahs. Different directions of woody cover change would be expected for each different land use, unless a global factor is causing the increases. Woody cover change was measured between 1940 and 2010 using the aerial photo record. Detection of woody cover from each aerial photograph was automated using eCognitions' Object-based image analysis (OBIA). Woody cover doubled in all land uses across the rainfall gradient, except in conservation areas with elephants in low-rainfall savannahs. Woody cover in 2010 in low-rainfall savannahs frequently exceeded the maximum woody cover threshold predicted for African savannahs. The results indicate that a global factor, of which elevated CO 2 is the likely candidate, may be driving encroachment. Elephants in lowrainfall savannahs prevent encroachment and localized megafaunal extinction is a probable additional cause of encroachment. This article is part of the themed issue 'Tropical grassy biomes: linking ecology, human use and conservation'.
Introduction
Increases in woody cover have been documented across the globe [1] [2] [3] with the largest increases occurring in the open ecosystems (grasslands [4] , tundra [3] , savannahs [1] ). Woody encroachment in savannahs is most frequently attributed to changes in land management, particularly the alteration of fire and herbivory [1, 5, 6] . More recently, however, studies suggest that global factors, particularly elevated CO 2 [7] [8] [9] and changes in rainfall regimes [10] can be the primary cause of encroachment. A clear overview of the different causes of encroachment is difficult to obtain as the scale and magnitude of the changes are not explicit, and conclusions of the causes of change are often based on localized studies, making it difficult to gain a regional perspective as to which factors are causing the change. To address this we have conducted a multi-site, multi-land-use evaluation of woody plant encroachment across South African savannahs.
Fire and herbivory are frequently altered in the management and utilization of savannah rangelands. Changes in either can influence trajectories of woody cover change over time. Sustained heavy livestock grazing reduces above-and below-ground grass biomass [11] , benefitting tree growth and establishment by increasing tree rooting spaces and soil moisture availability [10] . However, where grazing lawns are created, tree seedling establishment is prevented. Fire suppression and the reduction in grass biomass which reduces fire frequency and intensity [12] , increases the likelihood of sapling escape from the fire trap [6, 13] , increasing woody biomass over time [1, 8] . On the other hand, browsers, ranging from goats to elephants can reduce tree seedling survival and growth rates [14] [15] [16] . In Africa, the recent widespread elimination of megafauna, e.g. elephants, and the overall reduction in the numbers of mammal browsers [17, 18] , can be considered as an alternative cause of wide-scale woody cover increases. This is, however, set against a backdrop of increasing human densities and use that exert heavy pressures on woody plants by harvesting [19] [20] [21] to the extent that widespread decreases in woody cover are expected for several areas [19, 22] .
Increasing atmospheric CO 2 concentrations have been proposed to drive woody encroachment. Elevated CO 2 can enhance plant water-use efficiencies (WUE) via reduced stomatal conductance [23, 24] which can improve seedling survival and plant growth rates. This mechanism is likely most effective in water-limited savannahs as these changes are the equivalent of increasing water availability. Trees in high-rainfall savannahs (mean annual precipitation; MAP . 650 mm) are likely to benefit directly from increased CO 2 through increases in maximum photosynthetic rates which allow plants to allocate the extra carbon gains to below-ground root reserves. These form a critical resource to enhance tree growth rates and resprouting following fires and damage [25] [26] [27] . These changes are the equivalent of reducing the fire frequency in an area, as high regrowth rates increase the probability of escaping the fire trap and recruiting between fire events [8, 27] . In addition, increases in MAP and changes in rainfall intensity [28, 29] in water-limited savannahs could increase woody cover as maximum woody cover is constrained by water availability [30] .
Key studies examining woody cover in African savannahs enable us to form a theoretical framework to conceptualize processes of woody cover change relative to land use, rainfall and trends of increasing CO 2 . In low-rainfall savannahs (MAP , 650 mm), maximum woody cover is limited by water availability so that the potential for woody encroachment is bounded ( figure 1 ). Here, in the absence of increased rainfall, increases in woody cover beyond the maximum woody cover threshold savannahs should indicate that CO 2 fertilization is occurring ( figure 1 ). The elevated atmospheric CO 2 should increase available soil moisture and, therefore, increase in the maximum woody cover threshold (definition per [30] ) for a given rainfall regime. In high-rainfall savannahs, where there is sufficient water availability for canopy closure [8, 30] fire, herbivory and human disturbance are the primary limits on woody cover. In these high-rainfall savannahs, the potential for greater woody cover change is high as the potential maximum woody cover is high (i.e. 80% cover (forest)) [30] .
To investigate the relative importance of global versus local drivers in savannah woody cover change, we quantified the magnitude and direction of woody cover change over 1020 km 2 of NE South Africa using aerial photographs across a multi-site, multi-land-use, regional-scale study. We measured woody cover change over 70 years across four different land-use types in both low-and high-rainfall savannahs. If land management is the primary determinant of woody cover change, we expect variable trajectories of woody cover change across land-use types and that the magnitude of change should vary relative to rainfall. However, if increased atmospheric CO 2 concentrations drive changes in woody cover, the direction of change will be consistent across different landuse types across the rainfall gradient.
Material and methods (a) Study sites
We restricted the selection of study sites to untransformed South African savannahs. The study region was located in northeast South Africa, occurring in Limpopo province, south and east Mpumulanga and the northern savannah regions of Kwazulu Natal (figure 2). Within Limpopo observed rainfall trends from 1960 to 2010 [31] demonstrate that there have been reductions in rainfall in the late wet season (January -March), and a decline in the number of rain days during the wet season (OctoberMarch) [31] . Significant increases in maximum temperatures, particularly, in the winter months have been recorded along with increases in minimum daily temperatures during the summer months. Northern KwaZulu Natal and southern Mpumulanga (figure 2) have experienced a consistent decrease in the number of rain days and the amount of rainfall in the late wet season. These changes have also been accompanied by MAP < 650 mm low-rainfall savannah MAP > 650 mm high-rainfall savannah maximum tree cover potential with CO 2 fertilization historical maximum tree cover potential mean annual precipitation woody cover (%) Figure 1 . Current defined limits of maximum tree cover (as defined by Sankaran et al. [30] ) (solid black line) across a rainfall gradient. Maximum tree cover in lowrainfall savannahs (MAP , 650 mm) is constrained by water availability. CO 2 fertilization is expected to increase the maximum tree cover, for the same amount of rainfall, as well as increase the probability of reaching maximum woody cover.
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Using a GIS [32] , we restricted the analysis within the savannah biome [33] . All transformed land was excluded from the analysis using a satellite derived landcover map of South Africa [34] , where lands that had been converted or cleared were excluded. The non-transformed areas were divided into four land-use types occurring in natural land; conservation areas with elephants, conservation areas without elephants, commercial ranches and communal rangelands, each with distinct management characteristics. Each land use is expected to have different trajectories of woody cover change [35] .
(1) Communal rangelands are home to subsistence farmers in rural villages, who run herds of goats (browsers) and cattle (grazers). This land use is characterized by a constant heavy wood harvesting pressure which is predicted to reduce woody cover (table 1) [19, 22] . Within the study region a positive population growth rate from at least 1992-2004 occurred [21, 37] . Although electrification of these areas has occurred, 90% of households still use fuelwood as a primary, cheaper energy source [37, 38] . (2) Commercial rangelands are commercial cattle farming entities on natural land. The farming practice is concerned with maximizing livestock production resulting in a grazer (cattle) dominated system with moderate but constant stocking rates and a low fire frequency [6, 39] . Here due to constant grazing and a policy of fire suppression, woody cover increases are predicted for commercial ranches (table 1) . A convenient distinction between conservation areas is the presence or absence of elephant, a difference that enables us to test the impact of this single agent on woody cover change (table 1) .
As it is difficult to reconstruct the long-term historical land uses for all the areas, where possible we set the criteria that the present land use was the majority use for the past 20 years. A database of conservation land was created using data from South African National Parks, the World database of conservation areas (www.wdpa.org), Vegmap [33] and De Beers Mining group. This represented both formal and informal conservation areas. The complete database of protected areas was joined and each area was assigned a classification of elephant present or absent. This classification was made from gathering local expert knowledge, site visits and the site specific websites. Communal areas and commercial ranches were selected from land tenure maps (used from [12] ).
To ensure an equal representation of sites across the rainfall gradient, all potentially selectable areas were overlaid onto a long-term rainfall map [40] . To ensure an even spread of sites across the rainfall gradient, the savannah map was separated into rainfall areas: low rainfall (less than 650 mm MAP) and high rainfall (greater than 650 mm MAP) [30] . The division between the rainfall areas was based on the findings of Sankaran et al. [30] , which separates savannahs into stable (water-limited) and unstable savannahs at 650 mm MAP. In the initial phase of site selection, 30 random points, a minimum of 4 km apart, were overlaid within each land use within each rainfall zone. The latitude and longitude of the potential sites were exported to Google Earth. The area around a point was visually inspected to determine if the area was largely untransformed (greater than 10%). Unsuitable sites, which were transformed, were discarded. The process was stopped when we found 10 suitable untransformed sites. The remaining suitable points were then each matched with the paired 2010 aerial photograph. Eighty-one aerial photo pairs were selected, covering an area of 1020 km 2 in 1940 and an area of 1020 km 2 in 2010 (table 1) . Sites occurred across the rainfall range 302-1134 mm.
(b) Measuring woody cover change
The aerial photograph flight plans were digitized and geo-referenced using ARCMAP v. 10 [32] and the selected random points were overlaid onto the flight plans and the appropriate aerial photographs were selected. If a random point fell on an aerial photograph with a scale smaller than 1 : 25 000, it was excluded from the analysis.
The selected aerial photograph negatives were scanned at a high resolution of 600 dpi. Orthorectified colour aerial photographs from 2010 were used as a reference to quantify vegetation change since 1940. Using the 2010 orthorectified images and the flight plans for reference, the 1940 aerial photographs were geo-referenced using ERDAS Imagine 11 [41] . The georeferencing process used a minimum of five manual tie points in a thirdorder polynomial model. The orthorectification was accepted if the root-mean-square error (RMSE) , 4.0. The 1940 photographs were subject to image equalization and brightness adjustments to maximize woody canopy visibility.
Woody vegetation canopy cover was extracted from each photograph pair, using object-based image analysis (OBIA) (see [42, 43] for similar applications). eCognition Developer [44] is a software package that implements OBIA for general image classification problems and was used here to automate woody cover detection from the aerial photographs, thus allowing a large area coverage. OBIA is particularly suited to the problem of tree detection since the classification process relies on aggregates of pixels (called objects) and the characteristics of these aggregates of pixels. Tree canopies tend to be more homogeneous compared to the surrounding vegetation, so are well suited to OBIA approaches.
Each image was segmented using a method called multiresolution segmentation which divides the photograph into homogeneous aggregates of pixels, called objects. The size and shape of objects are determined by user-defined parameters of scale, shape and compactness. The images were segmented into objects at two difference levels, using values of 14 and 200 for the scale parameter. The shape parameter, which defines the shape when segmenting the image, was set at 0.1. The higher the value of shape the lower the influence of colour on the segmentation procedure. The compactness criteria were set at 0.5 where the higher the value the more compact the objects. These values were derived from published studies, and adapted to ensure that objects corresponded as closely as possible to tree canopies and tree clumps.
To aim for a high level of accuracy, 5% of the image (calculated as 5% of all objects) was manually classified into woody canopies and non-woody canopies; this was used as a training dataset to run a feature space optimization. For each of these selected objects (training data), 30 variables based on the colour, shape, texture and size of objects as well as their context and relationships between each other within and across scales, were calculated. The variables that resulted in the highest separation distance were used to automatically classify trees and ground layer for the entire extent of the image. After classification was complete the accuracy was assessed using the built Global Livestock Distributions 3 arc-min filled using [12, 36] and data reported herein rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 371: 20150437 in accuracy assessment of eCognition. An additional 100 woody and non-woody objects were manually selected (test data). These manual classifications were compared with the automated classifications using eCognition accuracy reports. If the accuracy was less than 90% then more training points were manually added and the images were re-classified. Accepted classifications were exported as rasters to Arcmap 10 [32] . Tall vegetation casts black shadows. The uniform black colour of the shadows, which differs from the varying hues in woody plants meant that shadows were not confused with woody cover during the training and classification process. The accepted classified rasters were overlaid onto the aerial photographs and small transformations to the areas, e.g. roads and small fields were clipped and removed from both old and new images. The rasters were used to assess woody cover change from 1940. The per cent woody cover change was assessed using zonal statistics in Arcmap 10 [32] . Woody cover was assessed as the total number of woody pixels as a proportion of all the pixels in the image. Samples, totalling an area of 1020 km 2 , were analysed and assessed for woody cover change.
(c) Data analysis
All data were analysed using R v. 3.0 [45] with the packages 'stats' and 'AICmodavg' v. 2.0.3 for model selection and averaging. Data were normally distributed and remained untransformed. A repeated measures ANOVA was used to detect if there was any difference in woody cover across the different land uses over the rainfall gradient between 1940 and 2010. Paired t-tests were used to determine if woody cover increases were significant for each separate land use in both high-and low-rainfall savannahs.
To examine the correlates of woody cover change, we used an ANOVA in R (v. 3.1.1) [45] . Important environmental variables that also vary across this rainfall gradient were included as covariates. The covariates were assessed for high levels of correlation, before they were analysed. The following environmental correlates were considered: MAP; initial woody cover (IC); land use (LU), number of frost days (FD), mean annual temperature (MAT) and altitude. The candidate model set included all combinations of the aforementioned environmental variables. Candidate models were compared and ranked using Akaike's information criterion, corrected for small sample sizes (AICc). The model with the lowest AICc was considered to have the most support, and there were no other models with AICc values that differed by less than 2, so no model averaging was performed. We used the final parameter estimates, standard errors and confidence intervals to demonstrate the effect size of the different parameters.
To place our data in a regional context and allow comparison with past studies, we compared our data points to the equation developed by Sankaran et al. [30] , which describes the upper bound of tree cover in low-rainfall areas by a 95th quantile piece-wise linear regression, with a 650 mm MAP breakpoint. As trees are typically absent below 101 mm MAP, the equation for the line quantifying the upper bound on woody cover occurs between 101 and 650 mm MAP (equation (2.1)). At higher rainfall sites maximum woody cover is bounded at 80% woody cover.
Woody cover (%) ¼ 0:14(MAP) À 14:2:
ð2:1Þ
We plotted the 1940 tree cover against rainfall, restricting the analysis to areas with rainfall below 650 mm. We fitted a 95th quantile to our data and compared the linear output to equation (2.1) derived from Sankaran et al. [30] . The equation intercept of the 1940 data (y-intercept ¼ 13.7), and the slope (0.138) closely match the fit to that of equation (2.1), thereby allowing us to relate changes in woody cover at our sites to that of previous observations.
Results (a) Magnitude of total tree cover change
Woody cover increased both at low-and high-rainfall sites and across all land-use types from 1940 to 2010 with the exception of the conservation areas with elephants in low-rainfall areas (figure 3) (repeated measures ANOVA F 3,145 ¼ 857.92; p , 0.001). Paired t-tests confirmed, with one exception, that woody cover increases were significant ( figure 3 ). In the lowrainfall commercial sites, woody cover increased from 27% to 42%, and from 20% to 46% in the high-rainfall sites. Communal rangelands experienced the greatest increase in cover which doubled (17.5-40%) in low-rainfall areas and more than doubled from 12% to 36% in high-rainfall areas. In low-rainfall conservation areas without elephants, woody cover increased from 30% to 42% and from 33% to 58% in the high-rainfall savannahs. By contrast, woody cover in the low-rainfall conservation area with elephants barely changed (33.7% to 34.2%). However, in high-rainfall savannahs when elephants were present, tree cover increased from 19.9% to 37%. The annual rate of woody cover change was best explained by a model of land use, MAP, initial tree cover, MAT, the FD and an interaction of MAP and land use. This model explained 47.7% of the variation in rates of woody cover change (table 2) . Increases in site MAP and temperature caused an increase in the rate of annual woody cover change (table 2) . When MAP . 600 mm woody cover increases become larger (figure 3a). Starting woody cover also affected the vulnerability of the area to change, and the higher the starting woody cover (i.e. 1940 woody cover) the lower the potential for woody cover increase (table 2 and figure 4b). When IC exceeds 20%, the likelihood of a large increase in cover declines rapidly (figure 3b). As described above, land use interacted with rainfall.
A comparison of woody cover site pairs (1940 versus 2010) against the Sankaran et al. [30] relationship for maximum woody cover and MAP for African savannahs (Cover (%) ¼ 0.14(MAP) 2 14.2, between 101 mm and 674 mm) showed that 6% of the site pairs exceeded the maximum tree cover threshold in 1940 (figure 5). However, by 2010, 20% of the sites exceeded the maximum tree cover threshold calculated for African savannahs. In terms of area, 11% of the measured area exceeded the maximum woody cover threshold (figures 4 and 5). 
Discussion
Widespread increases in woody cover have occurred across South African savannahs since 1940, regardless of land use. The sole exception was in arid conservation areas containing elephants. In comparing our data with the woody cover thresholds in [30] , in 2010, 20% of arid savannah sites exceeded the maximum tree cover threshold calculated for African savannahs. This is in contrast with 1940 where only 6% of arid savannah sites exceeded the same threshold.
(a) Local-scale contributors of woody cover change
Our results demonstrate that widespread woody cover increases have occurred across the rainfall gradient. The degree of change is contingent on MAP, MAT, the starting woody cover and land use. Sites with higher rainfall and warmer temperatures are more vulnerable to increases in woody cover. As water availability is a key constraint on plant growth rates, it is expected that high-rainfall areas will result in higher levels of encroachment [30] . Conversely, a high starting woody cover reduced subsequent encroachment rates; this is likely a result of density dependence [6] where further establishment of trees is hindered by competition for space, light and water. Local land use can be an important component of woody cover change [18, 46] . However, our data indicate that the influence of local factors is overridden by regional or global processes given the consistency in the direction of change across very different land uses across the rainfall gradient. The largest increases in woody cover occurred in communal rangelands, where we predicted a decline in woody cover [19, 22] due to high human population densities rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 371: 20150437 (table 1) and associated heavy utilization of wood for fuel and building [19] . While in many cases large trees suitable for building and fuel have disappeared, widespread increases of cover have occurred caused by increases in shrubs [47] . Frequently, shrubs are the dominant woody growth form responsible for encroachment [7, 47] . One possible explanation is that shrub species most responsible for thickening spread clonally by root suckering, and root suckering may be enhanced by additional carbon gain from increasing atmospheric CO 2 [7, 8, 48] .
We predicted large woody cover increases in the commercial rangelands, which were observed in these data. In addition to a potential global driver, the management of commercial rangelands may facilitate encroachment as there is typically a high abundance of grazers (domestic cattle), long fire return intervals and a low number of browsers (goats), all of which have been shown to aid woody plant growth [12, 39, 49] . In Africa, conservation areas with elephants represent a unique 'control' for global change as they retain an indigenous megafauna, have low human impacts and experience regular fire. Yet where elephants are present in fenced areas, we predicted that woody cover would decline [50, 51] . However, in conservation areas without elephants, the regular fires and rich grazer and browser communities would result in woody cover remaining stable over time. Instead, large increases in woody cover in conservation areas without elephants occurred across the rainfall gradient. Where elephants were present, woody cover still increased in high-rainfall savannahs, but not in low-rainfall savannahs where woody cover remained stable. This result points to the importance of this single species in shaping the structure of low-rainfall African savannahs. The widespread extinction of megaherbivores from across the landscape should, therefore, be considered an additional component of woody cover increase in the low-rainfall savannahs [18] . This finding also supports the hypothesis that Africa has much larger areas of arid savannahs than Australia and South America because of the persistence of megafauna, contrasting with Pleistocene extinctions on the other southern continents [52] . The impact of elephants can be disproportionately higher in low-rainfall savannahs as direct effects of herbivory are modulated by ecosystem productivity [53] . In low-rainfall areas productivity is low, and plant regrowth following heavy browsing is also low when compared with that of higher rainfall savannahs [53] .
(b) The potential role of global factors in woody cover change
Increases in woody cover across the rainfall gradient and across different land uses indicate that a global process is overriding the impact of land use in causing encroachment. Regional changes in fire regime, specifically a trend of fire suppression, could cause encroachment [48] . However, although we have limited information about long-term trends in fires across Africa, there is no current evidence to indicate a change in fire trends over time. An analysis of approximately 60 years of fire data from the Kruger National Park and Hluhluwe-iMfolozi Park showed no clear trends [54] in fire patterns. As a proxy, we could use long-term trends in livestock densities for amount of burnt area and intensity. We would expect reductions in fire area and intensity in areas where livestock numbers have increased, as there would be less fuel available to burn [55] . However, long-term data on stocking densities in communal and commercial rangelands [1, 56] show no increases in livestock densities despite large increases in human population sizes. Additionally, as expected, fire patterns differ between land uses. The total area burned is twice as high in protected areas than associated communal lands [57] due to high livestock numbers [55] .
The differences across land-use categories in fire return time are less obvious, but fires are slightly more intense inside than outside protected areas on average [57] . The fire regimes observed are not conditions of fire suppression and the fire regimes, especially in conservation areas, are not conducive to encroachment and do not explain the patterns noted in this analysis. In these areas, we would expect decreases in woody cover, especially in mesic savannahs where fire intensity and return periods are the highest. Instead, despite regular and intense fire, high levels of encroachment were observed. Our results are most consistent with existing predictions [25] , models [58] and field studies [7, 59] which indicate that a primary global influence of increasing CO 2 concentrations is causing a regional increase in woody plant biomass and dominance. This result is further supported by the finding that woody cover in the low-rainfall sites increasingly exceeded the expected rainfall-limited maximum woody cover reported by Sankaran et al. [30] . No regional increase in rainfall has been recorded within the study area. Weather station records from 1960 to 2010 indicate that the amount of rainfall and number of rain days within these regions has declined [31] . Therefore, it is most likely that encroachment in low-rainfall savannahs is driven by elevated CO 2 , probably through increasing soil moisture, driven by improved WUEs [23] . Similarly, using this principle, Donohue et al. [9] demonstrated that elevated CO 2 most likely accounted for an 11% increase in annual maximum greening in semi-arid areas, worldwide. The CO 2 driven increases in high-rainfall savannahs, where fires are frequent, can best be explained by an increased probability of sapling escape from the fire trap [25, 26, 48] with higher growth rates and below-ground storage reserves [26, 48] . Additionally, these results are important in highlighting the extent of encroachment in South Africa low-rainfall savannahs, as previously it has been rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 371: 20150437
suggested that encroachment was most prominent in African high-rainfall savannahs [7, 48] .
(c) Relevance of these results for other grassy ecosystems
Despite the fact that this was a regional study (due to data constraints all sites were located within South Africa), we sampled a rainfall range from 302 to 1134 mm (i.e. nearly the full range of the savannah biome in Africa [60] ). This enabled us to explore interactions between rainfall, land-use and global-change drivers, and gives confidence that the results are generalizable across a range of grassy ecosystems. However, we did not sample the nutrient-poor Brachystegia (Miombo) woodlands which dominate in high-rainfall savannahs elsewhere in Africa. The relevance of these results to Brachystegia (Miombo) woodlands remains to be tested: the clonal growth form of the dominant species (Brachystegia sp. and Julbernardia sp.) imply that they could be responsive to CO 2 , but nutrient limitation in these systems might limit any response. Although the observed increase in woody cover is regional, the underlying mechanisms driving this increase change can change across rainfall gradients and in interaction with land use. For instance, it is likely that CO 2 fertilization benefits plants through improving WUE in lowrainfall savannahs versus improving resprouting ability in high-rainfall savannahs [23, 25] . Plants are also less likely to be responsive if they are nutrient or space limited [61] . Therefore, generalizing these results to other continents and other parts of Africa first requires an improved understanding of the processes limiting woody cover in these ecosystems.
(d) Consequences of widespread tree cover increases
Woody encroachment across the extent of African savannahs will alter economic activities and ecological processes. Ecosystem services, including water supply and nutrient cycling, will be altered and biodiversity changes will occur [62] [63] [64] . As increasing woody cover reduces grass cover, grazer stocking rates are expected to drop, tourism potential for conservation areas may decline [65] and the costs of woody plant clearing will increase [66] . On the other hand, this widespread regional change represents new opportunities that need to be explored, e.g. potential energy provision and commercialization of the goat industry. This study highlights the need for a review of existing land-management policies, and the formulation of novel management and adaption strategies to cope with these changes. As encroachment occurs relatively gradually, the extent of the changes up until now has been underestimated. An assessment of the ecological and economic costs/benefits of woody encroachment, at a national and continental level, should be made to bring attention to its impacts and the diverse ecological and socio-economic consequences.
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